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INTRODUCTION 
Allotypes, discovered by Oudin in 1956 are serum proteins which 
differ in part of their antigenic specificity from one individual to 
another in the same animal species. Intraspecies genetic differences 
among serum proteins which have not been separable by other criteria can 
be distinguished by this phenomenon. Allotypic specificities are 
antigenic specificities present on proteins in some normal individuals 
but not on the corresponding proteins in other individuals of the same 
species. Allotypy has been found to exist for alpha, beta and gamma 
globulins of serum and, in analogy to blood groups, hemoglobin groups, 
haptoglobin groups, etc., classifies individuals of a species into 
allotypic specificity groups. 
Allotypic specificities are identified by isoimmunization. The 
stimulation in one animal of antibody formation, followed by the 
reaction of the immunoglobulin with the antigen ^  vitro, provided the 
specific antibody protein of that animal in an immune agglutinate. The 
injection of this agglutinate into another animal of the same species but 
different genetic origin yields an immunoglobulin which can be used as a 
reagent to reveal allotypic specificities of gamma globulin in normal 
sera. 
The application of Pick's law of diffusion to antigen-antibody 
reactions in gels by Oudin (1956) provides the basic principle by which 
one antigen-antibody precipitating system may be identified in the 
presence of several other systaas. 
The identification of allotypic specificities provides us with a set 
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of hereditary markers which could serve several functions, since the 
mendelian basis for allotypes in several species has recently been 
established. Since allotypes presumably correspond to genetically 
controlled polypeptide chains which make up the complex protein mole­
cule, they can serve as genetic markers for proteins. These proteins 
can be subjected to quantitative analysis by use of precipitating anti­
bodies specific for each allotypic specificity marker. The allotypic 
specificities may also serve as genetic markers for the cells synthesis-
ing proteins. 
The central role of gamma globulins in immunological reactions 
gives the allotypic specificities associated with 7S gamma globulins 
special significance. It is conceivable that different structural 
globulins may have greater or less efficiency in the disease protection 
mechanism. 
This study involved the search for genetically controlled variation 
in the structure of gamma globulins. Information on the identification, 
genetic analysis and characterization of the gamma globulin allotypes 
in the fowl is presented. 
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REVIEW OF LITERATURE 
Landsteiner (1936) suggested that serum proteins could be studied 
by immunization of animals with proteins of their own species, although 
in the early 1900*s the work reported on the production of isoprecipitins 
was conflicting. Thus, Schutze (1902) reported that injecting rabbits 
with pooled rabbit sera produced isoprecipitins with some rabbit serum 
antigens, but Uhlenhuth (1906) failed to produce isoprecipitins by this 
method. More recently, Oudin (1956) produced isoprecipitins to serum 
components in rabbits by injecting immune ovalbumin-rabbit anti-
ovalbumin precipitated with paraffin oil adjuvant. Paraffin oil adjuvants 
enhance antibody production (Freund, 1956). 
Allotypes in the Rabbit 
Oudin (1956) identified serum component isoprecipitins in rabbits by 
injecting immune precipitate with paraffin oil adjuvant. He classified 
the serological reactions between six isoimmune sera and 45 normal rabbit 
sera into nine groups and proposed the term "allotypy" to designate the 
variation in the specificities of serum antigens reacting with specific 
isoprecipitins. Using the same method Oudin (1960) reported seven allo­
types in rabbits and designated them a, b, c, d, e, f and g of which two 
or more were contained in each serum. 
Precipitins in rabbits were also produced by injecting normal rabbit 
serum mixed with paraffin oil adjuvant (Dray and Young, 1958, 1959). 
A total of 90 normal rabbit sera were classified into 13 groups based on 
the presence or absence of precipitin bands and into 30 distinct groups 
according-to the number of kinds of bands. A test of 500 normal sera of 
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several breeds of rabbits showed that individual rabbit sera contained 
one or both of two gamma globulin antigenic specificities (RGG I and 
RGG II), but no sera lacked both of them. That the injected whole normal 
serum may have produced antibodies against other specificities along 
with the anti-allotype antibodies is a possible explanation for this. 
Such non-specific antibodies would react even in cases where both the 
allotypic specificities are absent. 
The most efficient way to produce isoprecipitins is to inject immune 
agglutinates of antigen-antibody complexes mixed with incomplete adjuvant. 
Dubiski et (1959a) produced isoprecipitins by immunizing rabbits with 
bacteria immune serum agglutinate. From the precipitation lines formed 
in gel diffusion the normal rabbit sera were divided into two groups, 
D(a+) and D(a-). Using this method, five allotypic specificities 
designated as A (formerly D&), B, C, D and E, were reported by Dubiski 
et al. (1959b). The bacteria complex method has proved to be more 
efficient than the induction method since antibodies are directed against 
a specific globulin molecule while the carrier bacteria functions as an 
enhancer. 
Purified rabbit gamma globulin has also been used to produce allo­
typic antibodies. Leskowitz (1963) using this method, produced iso­
precipitins which reacted with some rabbit normal sera. Antibodies were 
also produced by injecting rabbit gamma globulin with horse spleen 
ferritin in Freund's adjuvant (Williams and Kunkel, 1963). These 
antibodies were detected by the agglutination of rabbit red blood cells 
sensitized with incomplete anti-G rabbit antibody. 
Rabbit gamma globulin allotypy has been studied also by hetero-
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immunization (Bornstein and Oudin, 1964). Chickens and goats were 
immunized by injecting Freund's adjuvant plus rabbit antisera with various 
allotypic specificities. Antibodies against specificities controlled by 
locus b alleles (Ab4, AbS, Ab6) were more easily obtained than by locus a 
(Aal, Aa2 and Aa3) alleles. In each of the fairly large number of sera 
studied a new line of gamma globulin heterogeneity was discovered con­
taining ^  locus molecules. This heterogeneity was apparently not 
hereditary. 
Gamma globulin molecules structurally changed by chemical treatment 
of the serum, may still cause antigenic stimulation (Milgrom and Witebsky, 
1960). Two groups of rabbits were injected with the gamma globulin 
fraction prepared by ammonium sulphate precipitation from the animal's 
own pre-immune serum precipitated by potassium alum. Animals of both 
groups produced anti-gamma globulin antibodies. The serologic reactions 
with foreign species, especially human material, were much stronger than 
with rabbit material. The rabbit antisera in question reacted with whole 
human sera but not with whole rabbit sera. The presence of normal anti­
bodies against human sera in rabbits caused this reaction. The specific 
antibodies were evidently against the structurally changed molecules. 
The genetic control of the allotypes in rabbits was investigated at 
two laboratories. By studying the distribution of isoantigens and their 
serum group combinations, Dubiski et (1961) found that all gamma 
globulin allotypes were inherited according to three statistically 
independent genetic systems A, C and BDE, Additional genetic data were 
obtained by Dray et al, (1963), The allotypes were designated as Al, A2, 
A3, A4 and AS using the new terminology. Progeny tests indicated that 
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the allotypic specificities Al, A2 and A3 were determined by three alleles 
at locus a while allotypic specificities A4 and A5 were determined by 
two alleles at locus These loci behaved as autosomals. Another 
allotypic specificity P, appeared to be determined by a gene at a third 
locus. 
The allotypes, subjected to Immunoelectrophoresis and gel filtra­
tion, proved to be associated with the 7S gamma globulin (Dray et al., 
1963), Leskowitz (1963) showed that the antigenic determinants occurred 
on the antibody combining fragments I and II obtained by papain digestion 
of the rabbit gamma globulin. Pure 7S gamma globulin fractionated from 
allotypic sera was obtained by Feinstein et (1963). By fragmentation 
he showed that the B (light) chains of 7S gamma globulin contained the 
allotypes A4, AS and A6 determined by alleles at the ^  locus. Todd (1963) 
found that the allotypic specificities of both allelic groups were present 
in 19S protein as well as in 7S gamma globulin. 
Serum Groups in Man 
Grubb and Laurel1 (1956) discovered that sera from patients with 
rheumatoid arthritis agglutinated group 0, Rh positive red cells coated 
with selected "incomplete" anti-Rh antibodies. Human sera could be 
grouped by agglutination-inhibition tests in this system into Gm (a+) and 
Gm (a-), The inhibitor was identified as part of the gamma globulin 
fraction. The estimated frequencies of the Gm(a+) and Gm(a-) serum group 
phenotypes were 59.7 percent and 40.3 percent in 360 healthy Swedish 
adults. The serum groups were independent of sex, pregnancy or various 
blood factors. Studies with families indicated a simple autosomal one-
7 
locus inheritance. 
Some children who had received multiple transfusion contained 
agglutinating antibodies against a Gm factor absent in the individual's 
serum gamma globulin (Allen and Kunkel, 1963). These agglutinators 
proved useful as reagents for genetic typing since they were highly 
specific for a single Gm factor. 
Antibodies to Gm factors caused by maternal-fetal interaction have 
been detected. Multiple samples of serum from a Gm(a-) female mated to 
a Gm(a+) male were obtained by Fudenberg and Fudenberg (1964) during the 
course of four normal uncomplicated pregnancies. These were tested for 
antibodies to human gamma globulins of differing genetic types. During 
the third trimester of the fourth pregnancy an agglutinator, the Gm(a+) 
factor, first appeared in the mother's serum. Since the new bom (male) 
contained small amounts of Gm(a+) gamma globulin, in addition to maternal 
Gm(a-) gamma globulin, it was genotypically Gm(a+). Steinberg and Wilson 
(1963) found that non-transfused donors of antibodies against a hereditary 
gamma globulin factor lacked the factor, but each donor's mother had it. 
The probability that this was a chance occurrence was 0.00003. A ninth 
donor which had been transfused and her mother both lacked the factor. 
It was assumed that each non-transfused donor's antibody was formed against 
his mother's gamma globulin and that immune tolerance had not been induced. 
Antibodies to Gm factors have also been produced by heteroimmuniza­
tion. Antisera of rabbits, immunized with isolated human myeloma proteins, 
urinary proteins, papain treated myeloma proteins and Fll gamma globulin 
may serve as typing reagents for the detection of human genetic factors 
on gamma globulin (Litkin and Kunkel, 1966a). 
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Specific antibodies have been found against Gin(a), (b) and (f). 
Litkin and Kunkel (1966b) produced antisera capable of detecting two 
additional genetic factors of the heavy chains of gamma G globulin. 
These factors were designated as Gm(z) and GmCy) and their distribution 
was studied. The factors found on different fragments of the same myeloma 
proteins were inherited together, suggesting close genetic linkage. Some 
evidence for an intragenic crossover involving the gene complex con­
trolling these heavy chain characters was presented. 
Ropartz et (1961) found a serum group in humans designated Inv. 
Some normal sera are able to inhibit its agglutinating power. The 
inhibitor is heritable and dominant to a non-inhibitor. The inhibitory 
property is contained in the gamma globulin fraction, and is independent 
to Gm(a), Gm(b) and Gm(x). 
Much research has been done to characterize the human serum factors. 
A highly active, purified preparation of rheumatoid factor from selected 
sera was prepared by Kunkel et al. (1959). The isolated preparation 
showed a corrected sedimentation rate of approximately 19S in the ana­
lytical ultracentrifuge. The total carbohydrate consisted of approximately 
ten percent hexose and hexosamine sugars and sialic acid. Harboe et 
(1962) found that Gm(a+) and Gm(a-) factors were present in 7S gamma 
globulin molecules and absent in 19S gamma globulins, whereas the Inv 
factors were demonstrated in both fractions. Gm determining sites were 
present only in the slow split product after 7S gamma globulin was split 
off by papain digestion. 
Human G myeloma proteins have been investigated for relationships 
between Gm and Inv factors and for different antigenic types of heavy 
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polypeptide chains and light polypeptide chains (Terry al., 1965). The 
Inv factors were limited to myeloma proteins with light polypeptide 
chains. 
Hereditary Differences in Mouse Gamma Globulin 
Substantial quantities of ascitic fluid containing antibodies may 
be obtained by injecting mice with bacteria mixed with incomplete Freund's 
adjuvant (Lieberman et a^., I960). Studies of gross and microscopic 
pathology of ascitic mice revealed the presence of large numbers of 
plasma cells in peritoneal granulomas and in peripheral lymph nodes. Two 
murine gamma globulin allotypic specificities Asa 1 and Asa 2 were 
identified by Dray et al, (1963) from ascitic fluid isoprecipitins using 
agar gel immuno-chemical methods. Asa 1 and Asa 2 allotypic specifici­
ties are inherited by codominant alleles. Of 42 inbred strains and 
substrains of mice tested, only one allotypic specificity was found in 
each strain, 
Lieberman and Dray (1964) identified three more allotypic speci­
ficities in ascitic fluid and sera of mice and designated them Asa 3, 
Asa 4 and Asa S, Segregation of these five allotypes in F2 progeny tests 
indicated that they were controlled by five alleles at a single locus. 
Grouping inbred mice according to the five gamma globulin allotypes, 
revealed that each strain exhibited only one of the five allotypes. 
Donor-recipient combinations involving different allotypes generally 
resulted in demonstrable precipitating antibodies. Some of the anti-
allotype antibodies cross reacted with other allotypes, indicating that 
the same or similar antigenic components might be present in different 
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allotypes. 
Immunoglobulins prepared from sera of mice with plasma cell tumors 
were treated with a variety of mouse allotype antisera reacting with 
immunoglobulins of normal mice (Dray et al., 1965). The antisera 
distinguished between two classes of gamma G globulins designated gamma 
G-Eel and Gamma G-Be2. The allotypic specificities which distinguish 
between gamma G-Bel and gamma G-Be2 (designated al* and al") were 
associated with the papain Fc fragment, a part of the heavy polypeptide 
chain. The al* and al" allotypic specificities were either both present 
or both absent in the same F2 progeny indicating close linkage in their 
genetic control. 
Antisera which distinguished among normal gamma A immunoglobulins in 
inbred strains of mice were produced by Lieberman and Potter (1966). 
Three allotypic specificities A12, A13 and A(-) were found among 38 
inbred strains. Genetic tests indicated very close linkage between the 
specificities. Tryptic peptide maps of the gamma A and Gamma G heavy 
chains and their Fc fragment differed by many peptides indicating control 
by different structural genes. 
Serum Protein Studies in Chickens 
Precipitation tests of chicken antisera have been reported in a 
number of experiments under various conditions. 
Increasing the NaCl concentration up to 14 percent markedly increased 
precipitation to a maximum at the higher antigen concentration (Goodman 
^a^., 1951). The reaction was solely between specific antigen and 
antibody, and increasing the salt content caused more complete précipita-
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tion of the antigen-antibody complex. Determinations of maximum 
antibody content could not be made at salt concentrations of less than 
about eight percent. Precipitation was also more rapid at the higher 
salt concentrations. 
The effect of aging chicken antisera on precipitate formation was 
studied by Gengozian and Wolfe (1957). Aging at 4°C or at -20°C increased 
interfacial titers with tests performed in eight percent NaCl. Quanti­
tative tests performed in one percent NaCl showed an increase in nitrogen 
precipitation with most antisera, Inactivation of chicken complement by 
heat contributed to the coprecipitation of non-specific nitrogen when the 
quantitative test was performed in eight percent NaCl. 
Agar immunoelectro phoresis with chicken antisera which separated the 
step of electrophoresis from that of immunodiffusion has been described 
by Wiener e^ al. (1964). Electrophoresis was performed at one percent 
NaCl concentration after which the gels were soaked in eight percent NaCl 
solution and then allowed to diffuse. Though fair results were obtained, 
much protein was lost during soaking. This method was slightly modified 
by Tempelis and Lofy (1965). Filter papers soaked in eight percent NaCl 
were placed on top of the gels, so that they would absorb some of the 
NaCl. Agar containing one percent to two percent NaCl gave a clear sharp 
differentiation of precipitin lines. Greater amounts produced diffusions 
difficult to interpret. 
Skalba (1964) reported three allotypic specificities of hen serum 
proteins which were designated GA 1, GA 2 and GA 3. The isoprecipitins 
were obtained by immunizing the hens with bacteria mixed with corre­
sponding immune anti-bacterial hen serum. The sera were tested in a 1.5 
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percent agar gel in eight percent NaCl concentration by the Ouchterlony 
method. 
Allotypy in Other Species 
A few allotypic specificities have also been identified in other 
species of animals. Rasmusen (1965) identified two gamma globulin iso-
antigens in pigs by hemagglutination-inhibition tests. They proved to be 
two codominant autosomal alleles, Gl^ and Gl^ and determined three pheno-
types Gl(a+b-l), Gl(a+b+) and Gl(a-b+). Gm and Inv genetic factors of 
the human immunoglobulin G were detected in chimpanzee serum by Alepa and 
Terry (1965). Three types of heavy polypeptide chains and both types of 
light polypeptide chains, present in human immunoglobulin G, were identi­
fied. Immunization of rabbits with pooled cattle sera have yielded some 
antisera giving precipitates in gel after suitable adsorption with cattle 
sera (lannelli et al., 1966). However, these reactions were probably non­
specific, since some of the serum samples either lost or gained the 
specificity, Guinea pigs immunized with homologous gamma globulin in 
adjuy^t rapidly developed delayed hypersensitivity to the immunizing 
antigen in the absence of antibody detectable by systemic anaphylaxis 
(Benaceraf and Gell, 1961). 
Anti-Gamma Globulin Factors 
Naturally occurring anti-globulin factors have been identified in 
rabbits. Milgrom (1962) found a normal rabbit serum which agglutinated 
(to a dilution of 1:128) rabbit blood group G erythrocytes sensitized by 
incomplete anti-G rabbit sera. Sera of about 2.7 percent of normal 
rabbits demonstrated similar agglutinating activity. In an immunogenetic 
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study of the rabbit agglutinator factor, Cohen and Tissot [1965) found 
that five of 13 different sensitized cell systems, were capable of 
detecting the agglutinator factor. One system detected an agglutinator 
factor apparently controlled by the recessive genes ag/ag. 
The properties of a rabbit anti-antibody was investigated by Milgrom 
(1962) and Fudenberg et al. (1964), It was associated with gamma B 
globulin electrophoretic fractions of the serum and resisted heating to 
56°C. It could not be neutralized by whole rabbit serum or by the gamma 
globulin fraction of pooled rabbit serum. It was readily absorbed by 
immune complexes of any antigen and the corresponding antibody of rabbit 
origin. This suggests that the specificity was probably directed against 
a structurally changed antibody. The rabbit anti-antibody proved to be 
a 19S globulin with specificity for rabbit 7S gamma globulin. It 
combined with antigenic determinants of fragments I and II but not III of 
the papain-digested 7S gamma globulin molecule. 
Anti-gamma globulin factors in human sera revealed by enzymatic 
splitting of anti-Rh antibodies were found by Osterland (1963). The 
agglutinating factor sedimented as a 7S protein in density gradient ultra-
centrifugation. Some of the sera agglutinated cells coated with pepsin 
digested antibody but not cells coated with the native antibody. These 
observations indicate that the agglutinator reacts with a hidden antigenic 
determinant on the S part of the gamma globulin molecule revealed by 
enzymatic digestion. 
Harboe et a^. (1965) studied the properties of three anti-gamma 
globulin factorr (1) rheumatoid factors, (2) Milgrom type anti-gamma 
globulin factors, and (3) factors directed against an antigen in human 
14 
gamma G globulin that is hidden in the intact molecule but revealed by 
enzymatic digestion at low pH. The property common to these factors was 
the ability to interact with gamma G globulin; the factors were dis­
tinguishable because they reacted with different antigenic groups on that 
molecule. The observations indicated that the Milgrom type anti-gamma 
globulin factors reacted with the crystallizable inert fragment of gamma 
G globulin. The three distinct forms of anti-gamma globulin factors may 
all be produced by antigenic stimulation of autologous antigen-antibody 
complexes. 
Further Studies with Allotypes 
Some work has been directed towards the molecular basis for the 
occurrence of allotypes and anti-allotypic sera. Oudin (1961) postulated 
the existence of molecules carrying two allotypic specificities. This 
makes it easier to imagine that an antibody molecule can be formed against 
two different allotypes. Evidence for preferential selection of one kind 
of gamma globulin synthesising site, so long as a truly "mono-specific" 
(anti-hapten) antibody is examined, was found by Cell and Kelus (1962). 
If this is a general phenomenon, it supports the notion that allotypes 
determined by allelic genes occur on different molecules. Loci a and b 
were shown to contribute to the synthesis of the same gamma globulin 
molecules but not to all of them (Dray et a^., 1963). 
Studies in cellular localization of allotypic specificities in lymph 
nodes has produced conflicting results. Colberg and Dray (1963, 1964), 
using labelled isoantibodies and immunofluorescent techniques investigated 
localization of the two allotypes in the heterozygote rabbit. Double 
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staining of a single section with anti-A4 and Anti-A5 in either order 
showed virtually no cells possessing one allotype without the other in 
its cytoplasm. This suggests that gamma globulin of both types are pro­
duced in the same cell. On the other hand, using the same methods, 
Pemis et a^. (1965) found two populations of plasma cells, each con­
taining a single allotype. On the other hand the presence in the germinal 
centers of lymphoid follicles of apparently uniform mixtures of products 
of the two allelic genes contradicted this finding. Double staining for 
two allotypes controlled by genes at different loci showed, instead, the 
presence of many cells containing both allotypes. 
Dray and Nisonoff (1963) gave a method for quantitative analysis of 
allotypes based on successive precipitations of specific allotype from 
labelled 7S gamma globulin with anti-allotype sera. In the homozygotes 
80-90 percent of the gamma globulin molecules had Ab4 or Ab5 and 10-20 
percent of the gamma globulin molecules had neither Ab4 nor Ab5. In the 
hétérozygote 64 percent of the molecules had Ab4 and 27 percent had Ab5. 
These quantities were independent of the order of precipitation and 
indicate that Ab4 and Ab5 were not found on the same gamma globulin mole­
cules but only on separate molecules. They suggested that polypeptide 
chains carrying the allotypic specificity Ab4 formed pairs immediately 
after synthesis but that the Ab4 pairs did not combine with similarly 
formed Ab5 pairs. 
The studies concerning the relationship of allotypic specificities 
to antibody specificities in the rabbit also shows some conflicting 
results. Purified antibodies were prepared against three different 
antigen and haptens by Reider and Oudin (1963). These preparations were 
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tested against anti-allotype sera to compare the relative concentrations 
of molecules bearing each specificity. All the allotypic specificities 
carried by each animal were found in all the preparations of antibodies 
from the animal. On the other hand, Lark et al^. (1965) produced anti­
bodies to two haptenic groups in rabbits heterozygous at either or both 
the a or b allotypic loci. Though there was no qualitative difference 
in the allotypic specificities, the quantitative variation was consider­
able, These results suggest that antibodies of a given specificity may 
have been selectively formed from certain allotypes. 
An allotypic "suppression" at the a locus in heterozygous offspring 
of immunized rabbits has been reported by Mage et (1966). During the 
development of heterozygous offspring of an A^A^ doe making 
anti-Al sera, practically all of the immunoglobulin formed through the 
first year was evidently A3 in the offspring. The "suppressed" allotype 
was first detected at approximately 30 weeks of age. 
Applications of Allotypes 
Allotypic specificities have already been used to aid many areas of 
research. Dray (1962) showed that allotypes of gamma globulin may serve 
as natural markers for the disappearance of passively transferred maternal 
gamma globulin and for the appearance of newly synthesised gamma globulin 
in the serum of neonatal rabbits. Maternal isoantibodies to an allotype 
of the progeny greatly interfered with the ability of the young to 
exhibit the particular allotype in its serum. At the same time a 
compensatory increase of the allotype controlled by allelic gene occurs. 
This effect was still present in rabbits ten months after birth. 
17 
Allotypes have been used as genetic markers in lymph node cell 
transfer experiments by Harris et (1963). The results indicated that 
in moderately X-irradiated rabbits, injected with antigen incubated 
rabbit lymph node cells, the resulting antibody in the recipients serum 
was synthesised by the donor cells. 
Rabbit lymphoid cells present in spleen and lymph nodes were tested 
with allotypic markers to study their differentiation (Cebra et al., 
1966). The ratio of cells in spleen and lymph nodes containing the Aal 
marker to those containing the Aa2 marker varied with individual rabbits; 
the range was 53 percent to 88 percent Aal versus 12 to 47 percent Aa2, 
The possible anthropological significance of gamma globulin factors 
has been reported by Giles et al^. (1965), in New Guinea. Analysis of the 
hereditary Gm and Inv gamma globulin factors of 1669 New Guineans demon­
strated that the frequencies of the three Gm alleles present were similar 
in general to those in mongoloids and in particular to those in southeast 
Asians and Micronesians. The New Guinea frequencies were distinct from 
those in other populations, including Australian aborigines. Highly 
significant differences in frequencies of Gm and Inv alleles occurred 
between Melanesian and Non-Guinneans. 
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PART I. IDENTIFICATION OF ALLOTYPIC SPECIFICITIES 
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MATERIALS AND METHODS 
Genetic Stocks 
The chickens for this study represented several breeds and lines 
described below; 
Leg GH; A White Leghorn inbred line with inbreeding coefficients 
from 0.40 to 0,54, 
Leg 9: A White Leghorn inbred line with an inbreeding coef­
ficient of about 80 percent. 
BR-S: A Barred Plymouth Rock inbred line with approximately 
60 to 70 percent inbreeding. 
Fay: A line from an Egyptian breed, Fayoumi, with about 15 
percent inbreeding. 
Leg HN: A White Leghorn inbred line of about 60 to 70 percent 
inbreeding. 
Leg S: A White Leghorn line segregating for six blood group 
alleles at the B locus originating from a cross of four 
commercial inbred lines with little inbreeding, 
HB-X: A heavy-breed population originating from a crossbred 
foundation (Barred Rock x Rhode Island Red), 
Sp: A black Spanish line (Castellana nigra) with moderate 
inbreeding. 
B Sp: A barred plumage variant of the Spanish line. 
Leg 19: A White Leghorn inbred line with about 70 percent 
inbreeding. 
Leg 8: A White Leghorn inbred line with about 70 percent inbreeding. 
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Hyl 1, 7, 35, 36 and 45: Commercial White Leghorn inbred lines 
(Hyline Poultry Farms, Johnston, Iowa). 
Leg A: A White Leghorn line selected for high egg production 
with about 10-15 percent inbreeding. 
Production of Anti-Bacterial Sera 
Killed bacterial cells of Brucella abortus and Escherichia coli were 
obtained from the Iowa State Veterinary Hygiene Laboratory and washed 
several times in saline. Dilutions were made containing approximately 
10® to 10^ microorganisms. Chickens were immunized by three intravenous 
injections per week for three weeks of one ml of the bacterial suspension. 
The chickens were bled from the heart one week after the last injection 
and the blood was allowed to clot. The separated sera was stored at 
-20*C until used. The sera were titrated for anti-Brucella and anti-E. 
coli antibodies. 
Production of Isoprecipitins 
Formation of antigen-antibody complexes 
Isoprecipitins and heteroprecipitins were produced from injections 
of agglutinates of bacteria and anti-bacterial sera. First, Brucella 
abortus and Escherichia coli antigens were washed several times in saline. 
Agglutinates were made for each injection by mixing one ml of the anti­
bacterial sera with five drops of the specific antigen suspension con­
taining approximately 20 x 10^ cells. The mixture was shaken well and 
incubated for 60 minutes at 37°C in a waterbath. After incubation the 
excess serum was discarded and the antigen-antibody complex was washed 
several times in saline. After the last wash the suspension was 
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centrifuged at a lower speed for a few minutes so that the unagglutinated 
bacterial cells stayed in the supernatant. After discarding the super­
natant, one ml of saline was added to the packed cells. During incuba­
tion and centrifugation the cells strongly agglutinated, so that the cell 
suspension was shaken vigorously before use. The injections of aggluti­
nates were made intravenously three times per week for four weeks. The 
chickens were bled one week after the last injection and the sera were 
processed as before. A schematic diagram of the production of allotypic 
reagents is shown in Figure 1. 
Using Freund's adjuvant^ 
Since the above method failed to yield isoprecipitins, subsequent 
tests employed an adjuvant. The antigen-antibody agglutinates were mixed 
with Freund's adjuvant, a water-in-oil emulsion, composed of antigen in 
saline and a mixture of an emulsifier in mineral oil. Equal amounts of 
the adjuvant and the agglutinate in saline were mixed. The agglutinate 
was added to the adjuvant in small aliquots and emulsified thoroughly 
after each addition by repeated withdrawals and ejections of the emulsion 
using a 5 ml syringe with an 18 gauge needle. As emulsification pro­
gressed, the mixture became milky in color and difficult to handle. The 
mixing continued until a drop placed on the surface of ice-cold water 
remained intact. 
Using a 20 gauge needle, one ml of emulsion was injected sub­
cutaneous ly into the chicken at five or six different sites. The 
^Difco Laboratories, Detroit, Michigan. 
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Brucella abortus 
injectcd into bird A 
Imnunoplobulins made by A 
against Brucella abortus 
Conjuration of 3. abortus and 
immunoglobulin and injected into B 
Anti-immunoplobulin made by B 
apainst immunoglobulin of A if B 
of different allotype than A 
60 
Figure 1. Production of allotyping reagents. Immunodiffusion tests 
with donor left, immunoglobulin and with unknown samples 
for classification, right (samples 2, 3 and $ have same 
allotype as bird A)• 
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injections were made twice monthly and the chickens were bled periodically 
to test for precipitins. Injections were continued at monthly intervals 
in chickens producing antibodies (booster injection), but otherwise 
they were discontinued after five injections. The sera of chickens not 
producing precipitins were used for subsequent injections, since they 
contained antibodies to the carrier bacteria. 
Testing sera for precipitins 
Sera were tested for precipitins by the agar gel double diffusion 
test of Ouchterlony, The diffusion medium consisted of the following: 
0,5 g Noble agar! 
4 Sodium chloride 
17,5 ml Sodium phosphate dibasic unhydrous (Na^HPO^), 0.15M 
7,5 ml Potassium phosphate CKH2PO4), 0.15M 
9 
5 ml of 1:1000 aqueous merthiolate 
25 ml Distilled water. 
This mixture was autoclaved at 15 pounds pressure for 15 minutes. 
Hot agar was pipetted onto clean glass microscope slides and allowed to 
congeal. The slides were then stored in the refrigerator for several 
days until used. Reservoirs or wells were cut in the gel with a die 
and the agar gel was removed from the reservoirs with suction. Reservoirs 
cut in a circular pattern around a center well was used to test for 
^Difco Laboratories, Detroit, Michigan. 
^Eli Lilly and Company, Indianapolis, Indiana. 
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precipitins. The sera from the bird which induced the precipitin was 
placed in the center well and the sera from the birds receiving the 
injections were placed in the surrounding wells as shown in Figure 2. 
Some of the recipient sera produced a precipitin line in the gel. 
Further testing with a panel of known reference sera showed whether the 
isoprecipitin was determined by a new allotypic specificity or by one 
already identified. 
Figure 2. Testing recipient sera for precipitins 
The donor serum is placed in the center well and the recipient sera 
in the surrounding wells. The sera producing a precipitation line 
is adjudged to contain antibodies. In the above figure sera in 
wells 6 and 8 contain precipitating antibodies. > 
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RESULTS 
Experiment 1: Immunizations with Bacteria 
Anti-bacterial sera were produced from six males of three lines 
(Leg 9, Leg GH and BR-S), as shown below: 
Immunization schedule lA 
Recipient 
Organism Line Individual No. 
Brucella abortus Leg GH 7630 
Leg 9 7608 
BR-S 7682 
Escherichia coli Leg GH 7633 
Leg 9 7602 
BR-S 7688 
The anti-bacterial sera from the above recipients were conjugated 
with specific bacterial antigen before injection into twelve hens from 
Leg 9 and Leg GH and into three rabbits as shown below: 
Immunization schedule IB 
Donor Recipient 
Line Indiv. No. (Line and individual No.) 
Leg GH 7630 Leg GH-2540, Leg 9-1995* and 
Rabbit 34** 
Leg 9 7608 Leg GH-740, Leg 9-1924 and rabbit 35** 
BR-S 7682 Leg GH-745*, Leg 9-86* and Rabbit 36** 
Leg GH 7633 Leg GH-2732 and Leg 9-1896 
Leg 9 7602 Leg GH-2574 and Leg 9-1930 
BR-S 7688 Leg GH-743* and Leg 9-1926 
Produced precipitins after injection with adjuvant. 
**Produced precipitins before injection with adjuvant 
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No chickens produced isoprecipitins, but all three rabbits produced 
heteroprecipitins from the injections. When the heteroprecipitins were 
tested against normal serum samples from several different lines and 
breeds of chickens, both positive and negative reactions were observed. 
Since heteroprecipitins were not expected to show this selectivity, the 
tests were repeated using a gel diffusion medium containing four percent 
NaCl rather than the one percent NaCl concentration. As a result of 
this change, all the normal chicken sera reacted with the hetero­
precipitins. 
In addition to the expected precipitation lines between the center 
well and the surrounding wells, lines of precipitation were also observed 
between certain peripheral wells containing normal test sera. Further 
investigations showed that sera from four different chickens Fay-4344, 
Fay-4346, Leg 9-105 and Leg 9-100 contained a naturally occurring iso-
precipitin. This precipitating antiglobulin has been designated anti-
(normal), and the factor reacting with it is designated allotype Aj. 
Precipitin production in the recipient was further stimulated by 
injecting them with the antigen-antibody complexes in Freund's incomplete 
adjuvant (without mycobacteria). After the third injection four pre­
cipitins were detected in four different birds; Leg 9-1995, Leg 9-86, 
Leg GH-745 and Leg GH-743, The precipitins from Leg 9-86, Leg GH-745 
and Leg GH-743 reacted similarly to a panel of normal sera while Leg 9-
1995 did not. Two allotypes designated A2 and A3 are assumed to account 
for these results (David et al., 1965). 
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Experiment 2: Immunizations with Blood Group Antigens 
A series of immunizations were carried out in an attempt to produce 
isoprecipitins using chicken erthrocyte cells as the initial antigenic 
stimulant in place of bacterial cells. Antibodies to erythrocyte blood 
group antigen B-1 were produced in one Leg HN bird and in three Leg GH 
birds. These antibodies were agglutinated with B-1 red cells and mixed 
with Freund's incomplete adjuvant and injected into different lines of 
chickens as shown below: 
Immunization schedule 2A 
Donor Recipient 
Line Indiv. No. (Line and Individual No.) 
Leg GH 32 Fay-4364 
Leg HN 3 Leg S-12350, Fay-4749, Fay-
4398 and Fay-3434 
Leg GH 24 Fay-4789 
Leg GH 25 Leg S-P195, Leg S-7066 and 
Leg 9-103 
After five injections this experiment was terminated since none of 
the recipients formed antibodies. 
Experiment 3; Immunization with Normal Sera 
Another series of immunizations was carried out in an attempt to 
induce the formation of a precipitin similar to the naturally occurring 
precipitin anti-A^ (normal). A chicken (Leg GH-2732) which gave a strong 
reaction with the normal antiglobulin was selected as the donor. 
Whole serum collected from Leg GH-2732 and mixed with Freund's complete 
adjuvant (with mycobacteria) was injected subcutaneously into several 
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chickens from the Leg S line and a few from other lines which lacked 
the allotypic factor according to the following schedule; 
Immunization schedule 3A 
Donor Recipient 
Line Indiv. No. (Line and individual No,) 
Leg GH 2732 Leg S-10570*, Leg S-6392, Leg S-
20353, Leg S-12297, Leg S-11021 
Leg S-12394, Leg GH-2540, Leg GH-
867 and BR-S 1819 
After several injections Leg S-10570* was the only bird which 
produced a precipitin. This sera identified a new allotypic specificity 
different from the anti-A^ (normal) and designated as A4. 
Experiment 4: Other Immunizations 
In an attempt to identify other allotypic specificities, several 
immunizations were carried out using chicken anti-Brucella antibody 
and Brucella antigen complexes as shown below: 
Immunization schedules 4A, 4B, 4C, and 4D 
Donors Recipient 
Line Indiv. No. (Line and individual No.) 
Leg GH 745 Leg S-12498, Leg S-18305, Leg S-10932 
Leg GH 2540 Leg S-6341 and Leg S-10550 
Leg 9 1995 ' Leg S-7174* and Leg S-6262 
Leg 9 7608 Leg GH-2574 
Leg 9 86 BR-S 2061, BR-S 2488 and BR-S 2063 
Leg 9 1995 Leg GH-1493, Leg GH-1479, Leg GH-2193 
Leg GH 2574 Fay-4789*, Fay-4759* and BR-S 1819 
Fay 4344 Leg 9-152, Leg S-P195 and Leg S-7066 
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Leg 9 
Leg S 
Leg S 
Leg 9 
Fay 
Leg S 
HB-X 
Leg 9 
Leg S 
Leg GH 
The four injection series were not performed simultaneously but in the 
sequence indicated. Some of the recipients in the earlier experiments 
were used again as recipients for later experiments. 
In schedule 4A Leg S-7174*, injected with gamma globulin from Leg 
9-1995, produced precipitating antibodies corresponding to a different 
allotypic specificity designated as A^. 
In schedule 4B, Leg GH-2574 induced the production of precipitating 
antibodies in Fay-4759* and Fay-4789* identifying the allotypic speci­
ficity All. 
In schedule 4C the antibodies produced in HB-X 2902* identified the 
allotypic specificity designated as A^. No antibodies were produced in 
schedule 4D. 
7608 HB-X 2915, HB-X 3116 and HB-X 2902* 
10570 HB-X 3433, HB-X 3021 and HB-X 2941 
6341 HB-X 3010, HB-X 2960 and HB-X 3515 
1995 HB-X 3479, HB-X 3533 and HB-X 3430 
4759 Leg 9-152 and Leg GH-2193 
7066 Leg GH-2732 and Leg 9-2330 
2960 Leg GH-2574 and Leg 9-490 
152 HB-X 3479, HB-X 3533, Leg GH-1493, 
Leg GH-1479 and HB-X 2488 
7174 HB-X 2960 and HB-X 3515 
1493 BR-S 2061 and BR-S 2488 
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Experiment 5: Immunization Using Inbreds as Recipients 
The results at this stage suggested that inbred chickens used as 
recipients produced allotypic specificities more consistently than non-
inbreds. Five inbred lines made available by a commercial breeder^ were 
used as recipients, and immunizations were made following schedule 5A, 
From the injections in schedule 5A, ten birds produced precipitins. 
HyL 1-B97*, HyL 36-R85*, HyL 35-R413* injected from donor HB-X 2941, 
identified the same allotypic specificity which was designated Ay. 
Although HyL 45-B344* received gamma globulin from the same donor, it 
identified a different specificity designated Ag. HyL 45-B345* and 
HyL 7-R260* injected with Leg S-10570, identified another specificity 
designated Ag, and HyL 36-R163*, HyL 7-R211* and HyL 35-R472* injected 
with Leg 9-2330 identified yet another allotypic specificity designated 
*10' 
Immunization Schedule 5A 
Donor 
Line Indiv. No. 
Leg S 
Fay 
BR-S 
HB-X 
Leg 9 
10570 
4789 
2488 
2941 
2330 
Recipient 
(Line and individual No.) 
HyL 45-B345*, HyL 1-B80, HyL 36-R39, 
HyL 7-R260* and HyL 35-R484 
HyL 45-B317, HyL 1-B5, HyL 36-R95 
HyL 7-R236, HyL 35-R401 and HyL 45-B349 
HyL 45-B4G0, HyL 1-B47, HyL 36-R50, 
HyL 7-R239, HyL 35-R464 and HyL 45-B303 
HyL 45-B344*, HyL 1-B97*, HyL 36-R85*, 
HyL 36-RS3*, HyL 7-R256 and HyL 35-R413* 
HyL 45-B343, HyL 45-B395, HyL 1-B22, 
HyL 36-R163*, HyL 7-R211* and HyL 35-R472* 
^Courtesy of Hy-Line Poultry Research Farm, Johnston, Iowa. 
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Experiment 6: Immunizations Using Inbreds as Donors 
Sera from the Hyline inbred chickens were used as donor to identify 
additional allotypic specificities using the immunization schedule 
indicated below: 
Immunization schedule 6A 
Donor Recipient 
Line Indiv. No. (Line and individual No.) 
HyL 35 R464 Leg GH-1449, BR-S 1302, Sp-941 and 
BR-S 3541 
HyL 45 B306 Leg A-3728, Sp-1317, Leg GH-2991 and 
Leg 19-1342* 
HyL 1 B80 Leg 9-3298, Leg 19-395, Sp-1340 and 
HB-X 3398 
HyL 36 R95 Leg 19-404, HB-X 3461, BR-S 3539 and 
Leg GH-2648 
HyL 7 R239 Sp-385, Leg 19-408, Leg GH-1540* and 
BR-S 3122 
Two allotypic specificities were identified. The specificity 
identified by the antibodies in Leg 19-1342* injected by donor HyL 45-
B306 was designated and the one identified by the Leg GH-1540* injected 
by donor HyL 7-R239 was designated A^g. 
Experiment 7: Repeat Immunizations 
In order to increase the reserve of anti-allotype sera for allotypic 
specificities, previously successful immunizations were repeated with 
donors and recipients having the same combinations. 
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Immunization schedule 7A 
Donor Recipient 
Line Indiv. No. (Line and individual No.) 
BR-S 1819 Sp-1322 and Leg 19-1346 
Fay 4759 Leg GH-2607 and Leg 9-3309 
Leg GH 2574 Leg 19-1351 and Leg A-3746* 
Leg GH 2540 Leg 19-425 and Leg A-3752 
Fay 4789 Leg GH-1448 and BR-S 1304 
Leg A-3746* produced precipitating antibody. The allotype identi­
fied was not A4 as expected but a new allotypic specificity k-j^2' 
Experiment 8: Further Immunizations 
In an attempt to identify more allotypic specificities a series of 
immunizations were carried out according to schedule 8A, 
Immunization schedule 8A 
Donor Recipient 
"Line Indiv. No. (Line and individual No.) 
Sp 1322 Leg A-3278, Leg 9-1441, B Sp-1266, 
HB-X 630 and Fay-13374 
Leg 19 1346 Leg 9-3159, HB-X 632, B Sp-1290, 
Fay-13741 and Leg 9-1442 
HB-X 3398 Leg 9-2533, Leg 9-1439, Leg 9-
2139, HB-X 195 
Leg 9 2330 HB-X 197, HB-X 198, HB-X 566, 
Leg 9-494, Leg 9-3144 
Fay 4789 Leg 9-1422, HB-X 107, HB-X 108 
Leg 9 X 
Leg GH 3309 Leg 9-2336, Leg 9-1434, HB-X 568, 
HB-X 193 
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Leg GH 2607 Leg 9-2335*, Leg 9-2138* HB-X 
564*, HB-X 194* 
BR-S 1304 Leg 9-3158, Leg 9-2119, HB-X 
628, HB-X 629 
Leg S 18305 Leg 9-3145, Leg 9-1473, HB-X 
196*, HB-X 633 
HyL 35 R418 Leg 9-2528, Leg 9-2124, HB-X 
630, B Sp-1294, Fay 14271 
HyL 1 B41 Leg 9-2513, Leg 9-10238, HB-X 
192, HB-X 565, Fay 13513 
HyL 36 B53 Leg 9-1708, Leg 9-3153, HB-X 
563, HB-X 567, Fay 13818 
So far two allotypic specificities have been identified. Leg 9-
2335*, Leg 9-2138*, HB-X 564* and HB-X 194* produced antibodies against 
Leg GH-2607 and the specificity was designated as Leg S-18305 
induced the formation of antibodies in HB-X 196* identifying the 
allotypic specificity 
Figure 3a illustrates the precipitation lines formed by these anti-
allotype sera. Figure 3b shows a hand drawing of the reactions formed 
in Figure 3a. 
Figure 3a. Identification of allotypic specificities Al to A8 and 
All to A16. 
The donor sera was placed in the center well and the 
recipient sera in the surrounding wells. The precipita­
tion lines denote the sera containing antibodies. 
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Figure 3b, Hand drawing of figure 3a 
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PART II. GENETIC ANALYSIS OF ALLOTYPES 
40 
MATERIALS AND METHODS 
Genetic analysis was carried out both in a heavy-breed crossbred 
foundation. Barred Rock x Rhode Island Red (HB-X) and in the Fayoumi 
breed (Fay). In addition, the White Leghorn A line, selected for high 
egg production, was used. Pedigreed matings of the Leg A line, although 
not originally intended for an ideal genetic analysis, were typed for 
allotypic specificities using the circular pattern of Ouchterlony's gel 
diffusion test. 
The anti-allotypic sera was placed in the center well. As shown in 
Figure 4 the unknown normal sera was placed in alternate wells with a 
reference serum specific for a particular allotype placed on either side 
of the unknown. Cross reactions were detected by the cross pattern of 
the adjacent precipitin lines. One month old progeny were typed in this 
manner. The genotypes of the parents in the doubtful cases were deduced 
by examining the reaction patterns in the progeny. 
In the HB-X population a total of 60 female and ten male parents 
and 250 offspring were typed for allotypes. In Leg A, 23 female and 
seven male parents and 90 offspring were typed. The goodness of fit of 
the offspring ratios was tested by Chi Square, 
Figure 4, Testing normal sera for allotypic specificities: The anti-
allotype serum is placed in the center well and the normal 
serum to be typed is placed in surrounding alternated wells 
1, 2, 3, and 4. 
A reference serum specific for an allotype is placed in the 
wells marked R. Precipitation lines formed by the normal 
serum which coalesce with the reference serum, as seen in B, 
show that the test allotype is identical to the reference 
allotype. In A, the test allotypes are different from 
the reference reagent. 
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RESULTS 
Test for Genetic Behavior of a Naturally Occurring Anti-Allotype Sera 
Anti-A^ (normal) is the naturally occurring anti-allotype antibody 
present in the sera of some birds and A^ is the allotypic antigen with 
which it reacts and which occurs in some birds of most lines. This 
allotype differs sharply from the other allotypes. Neither A^ nor Anti-
Ajl (normal) has been detected in males. Furthermore only mature females 
exhibit this factor. Test matings of an A^ female x a^ male have 
produced only negative offspring. Hence the genetic mechanism for the 
allotypic factor Aj has not been resolved. 
Allotypic Antigen A2 
Table 1 presents the test matings for A2 and the observed phenotypic 
ratios of the offspring. The last column gives the probability of 
obtaining as large or larger Chi Square by chance. 
Table 1. Progeny test for segregation of A2 
Observed Deduced 
parent parent 
phenotype genotype Number Number 
of of 
Sire Dam Sire Dam matings progeny 
A2 A2 A2/A2 X A2/- 7 31 Observed 31 0 
Expected 31 0 
A2 a2 A2/a2 X a2/a2 10 62 Observed 29 33 0.6-0.7 
Expected 31 31 
a2 a2 a2/a2 X 
CM N
 10 69 Observed 0 69 
Expected 0 69 
A2 A2 A2/a2 X A2/a2 6 37 Observed 29 8 0.6-0,7 
Expected 27.75 9.25 
Phenotype Probability 
of of 
offspring larger 
A2 a2 value 
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Table 1 shows that allotypic antigen A2 is dominant to its absence 
(a2). A2 always gave a very strong and clear reaction. Observed numbers 
in the offspring were close to the expected ratios. 
Allotypic Antigen A3 
Table 2 gives the phenotypes of 175 offspring from four parent 
combinations involving allotype A3. 
Table 2, Progeny test for segregation of A3 
Observed Deduced Phenotype Probability 
parent parent of of 
phenotype genotype Number Number offspring larger 
of of value 
Sire Dam Sire Dam matings progeny A3 a3 
A3 A3 A3/A3 x A3/- 14 
A3 a3 A3/a3 x a3/a3 5 
A3 A3 A3/a3 x A3/a3 5 
A3 a3 A3/A3 x a3/a3 4 
93 Observed 93 0 
Expected 93 0 
21 Observed 12 9 
Expected 10.5 10.5 0.5-0.6 
30 Observed 24 6 
Expected 22.5 7.5 0.5-0.6 
31 Observed 31- 0 
Expected 31 0 
Table 2 shows that the allotype A3 is dominant to its absence a3, and 
segregates according to simple mendelian inheritance. Since the 
frequency of this factor in the chickens available was high, we were unable 
to find a negative male to produce a test mating of type a3 x a3. The 
A3 factor produced typically weak reactions but was identified in most 
lines of chickens tested. 
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Allotypic Antigen A4 
Table 3 gives the phenotypes of 220 offspring from parent phenotype 
combinations involving A4., 
Table 3. Progeny test for segregation of A4 
Observed 
parent 
phenotype 
Deduced 
parent 
genotype 
Sire Dam Sire Dam 
Number Number 
of of 
progeny progeny 
Phenotype 
of Probability 
offspring of 
larger 
A4 a4 value 
A4 A4 A4/A4 x A4/- 13 
A4 A4 A4/a4 x A4/a4 5 
A4 a4 A4/a4 x a4/a4 16 
a4 a4 a4/a4 x a4/a4 7 
66 Observed 66 0 
Expected 66 0 
36 Observed 26 10 0.7-0.8 
Expected 27 9 
92 Observed 39 53 0.15-0.20 
Expected 46 46 
25 Observed 0 25 
Expected 0 25 
The allotypic factor A4 is dominant to its absence and segregates 
according to simple mendelian expectation, although, the ratio of progeny 
types from the mating A4/a4 x a4/a4 did not agree too well with expecta­
tion, This seems to be accounted for, by the fact that some of the A4/A4. 
sire phenotypes producing the A^ offspring were discarded too early under 
the mistaken assumption that these sires were of the genotype A4/A4 = 
Few of these sires could have been misclassified and by chance they could 
have produced all A^ offspring. This seemed possible in this case because 
the progeny numbers were relatively few. In general, A4 gave weak 
reactions. 
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Allotypic antigen A5 
Table 4 presents the phenotypes of 270 offspring from all four 
combinations of parents involving allotype A5. The distribution of 
phenotypes among the progeny confirms the hypothesis that A5 is dominant 
to the absence of the factor (ag) and segregates according to mendelian 
expectation. In general A5 gave very strong and clear reactions. 
Table 4. Progeny test for segregation of Ag 
Observed 
parent 
phenotype 
Deduced 
parent 
genotype 
Sire Dam Sire Dam 
Number Number 
of of 
matings progeny 
Phenotype 
of Probability 
offspring larger 
value 
AS AS AS/AS X AS/- 20 91 Observed 91 0 
Expected 91 0 
AS AS AS/aS X AS/aS 9 76 Observed SS 21 0.6-0.7 
Expected S7 19 
AS aS AS/aS X aS/aS IS 69 Observed 33 36 0.7-0.8 
Expected 34.S 34.S 
aS aS aS/aS X aS/aS 7 27 Observed 0 27 
Expected 0 27 
Allotypic Antigen A? 
Table 5 presents phenotypic ratios of offspring from parent combina­
tions involving allotype Ay. 
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Table 5. Progeny test for segregation of Ay 
Observed Deduced Phenotype 
parent parent of Probability 
phenotype genotype Number Number offspring of 
of of larger 
Sire Dam Sire Dam matings progeny A7 a7 value 
A7 A7 A7/A7 x A7/- 11 60 Observed 60 0 
Expected 60 0 
A7 A7 A7/a7 x A7/a7 4 22 Observed 13 9 0.08-0.10 
Expected 16.50 5.50 
A7 a7 A7/a7 x a7/a7 11 69 Observed 40 29 0.20-0.25 
Expected 34.5 34.5 
a7 a7 a7/a7 x a7/a7 6 28 Observed 0 28 
Expected 0 28 
Table 5 shows that Ay is dominant to its absence (a^ and that Ay 
segregates more or less according to mendelian expectation, although the 
fit was not especially good. Again the possibility exists that the sire 
may have been mistakenly classified Ay/Ay rather than Ay/ay, because of 
insufficient numbers of offspring. Ay, in general, gave a strong but 
slightly diffused reaction pattern. 
Allotypic Antigens Ag, Ag, Ag, and A^g to A^^ 
Allotypes Ag, Ag, and Ag were found in low frequencies in the popula­
tion available for genetic studies. Hence, the number of males and females 
required for adequate genetic tests have not been available. 
Allotypes A^Q through A^^ were identified only recently and have not 
yet been genetically studied. 
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Test for Allelism 
Table 6 presents the phenotype of 580 offspring from parent combina­
tions involving allotypes A2, A^, Ag, and Ay. The null hypothesis 
was that the allotypes were allelic. On that basis a mating type of 
A2/A3 X A2/A3 should yield offspring with a 1:2:1 ratio of segregation. 
The null hypothesis was rejected since the results give no evidence for 
allelism between any of these five allotypes. This leads to the tenta­
tive conclusion that the allotypic specificities Ag, A3, A4, A5, and A7 are 
controlled by independent loci. 
Table 6, Test for independent segregation of allotypic specificities 
^2» A3, A4, A5, and Ay 
Parent phenotypes Number Number Phenotypes Probability 
(deduced) of of of of larger 
Sire Dam matings progeny offspring X2 value 
A2/A3 X A2/A3 
A2/A4 X A2/A4 
A2/A5 X A2/A5 
A2/A7 X A2/A7 
31 Observed all A2/A3 0 - 0.005 
Expected A2/A2-7.5, 
A2/A3-15 
A3/A3 7.5 
25 Observed A2-3, A2/A4-22, 
A3-0 0-0.005 
Expected A2/A2-6.25, 
A2/A4-12.5G, 
A4/A4-6.25 
39 Observed A2-2, A2/A5-36, 0-0.005 
A5-1 
Expected A2/A2-9.75, 
A2/A5-19.50, 
A5/A5-9.75 
19 Observed A2-3, A2/A7-15, 0-0.005 
A7-1 
Expected A2/A2-4.75, 
A2/A7-7.5, 
A7/A7-4.75 
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Table 6. (Continued) 
Parent phenotypes 
(deduced) 
Sire Dam 
Number Number 
of of 
raatings progeny 
Phenotypes 
of 
offspring 
Probability 
of larger 
X2 value 
A3/A4 X A3/A4 
A3/A5 X A3/A5 
A3/A7 X A3/A7 
A5/A7 X A5/A7 
A4/A5 X A4/A5 
A4/A7 X A4/A7 
16 86 Observed A3-10, A3/A4-75, 0,0.005 
A4-1 
Expected A3/A3-21.5, 
A3/A4-43, 
A4/A4-21.5 
21 109 Observed A3-15, A3/A5-91, 0-0.005 
A5-3 
Expected A3/A3-27.25, 
A3/A5-54.5, 
A5/A5-27.25 
10 52 Observed A3-7, A3/A7-45, 0—.005 
A7-0 
Expected A3/A3-13, A3/A7-26, 
A7/A7-13 
14 73 Observed A5-9, A5/A7-56, 
A7-8 0-0.005 
Expected A5/A5-18.25, 
A5/A7-37, A7/A7-18.25 
20 103 Observed A4-13, A4/A5-79, 0-0.005 
A5-11 
Expected A4/A4-25.75, A4/A5-
51.5, A5/A5-2S.75 
8 41 Observed A4-4, A4/A7-31, 
A7-6 0-0.005 
Expected A4/A4-10.25, 
A4/A7-20.5, 
A7/A7-10.25 
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Test for Sex Linkage 
Table 7 presents the distribution of sex of the phenotypes 
involving allotypes A2, A3, A4, Ag, and Ay. The data leads to the con­
clusion that the allotypic specificities tested are not associated with 
sex. 
Table 7. Test for independence between sex and the allotypic specifici­
ties 
Allotype 
Number 
of 
progeny Males Females 
Probability 
of larger 
value 
A2 73 Observed 34 39 0.3 - 0.4 
Expected 36.5 36.5 
A3 146 Observed 74 72 0.9 - 0.95 
Expected 73 73 
A4 110 Observed 55 55 
Expected 55 55 
AS 122 Observed 66 56 0.35 - 0.45 
,Expected 61 61 
A7 90 Observed 42 48 0.50 - 0.55 
Expected 45 45 
Test for Linkage Between Loci 
Table 8 presents the available progeny data suitable for evaluating 
linkage. The linkage was tested with the progeny of a double heterozygote 
mated to a double recessive. The paternal or maternal origin of the genes 
in the double heterozygote sires were not known. The test for 1:1 
segregation at the loci involved is presented as well as the test for 
independent segregation at the two loci. 
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Table 8, Test for possible linkage between allotypic loci 
Mating type Number Gametic types Test for 1:1 Segr. Test for 
of X^a X^b Indep, 
Sire Dam offspring AB Ab aB ab (P) (P) segr. at 
two loci 
x2a,b(P) 
A3A5/a3a5 x a3a5/a3a5 24 10 5 3 6 1.5 
(.20) 
0.17 
(0.65) 
2.67 
(0.10) 
A2A4/a2a4 x a2a4/a2a4 14 0 2 1 11 7.14 
(0.008) 
10.29 
(0.005) 
4.57 
(0.035) 
A3A4/a3a4 x a3a4/a3a4 23 5 9 1 8 1.09 
(0.35) 
5.26 
(0.02) 
0.39 
(0.55) 
A2A7/a2a7 x a2a7/a2a7 14 3 2 4 5 1.14 
.(0.30) 
0.00 0.29 
(0.65) 
A5A7/a5a7 x a5a7/a5a7 8 5 0 3 0 0.50 
(0.45) 
8.00 
(0.005) 
0.50 
(0.45) 
A2A3/a2a3 x a2a3/a2a3 10 1 0 3 6 6.4 
(0.012) 
0.40 
(0.55) 
1.16 
(0.20) 
A4A5/a4a5 x a4a5/a4a5 21 2 0 6 13 13.71 
(0.005) 
3.86 
(0.05) 
3.86 
(0.05) 
A2A5/a2a5 x a2a5/a2a5 12 0 3 S 4 3.0 
(0.08) 
0.33 
(0.60) 
1.33 
(0.25) 
The gametic types AB and ab are the parental types, whereas Ab and aB 
are the recombinants. Chi Square value for linkage was calculated by the 
f o r m u l a .  I n  t h e  f i r s t  m a t i n g  t y p e  2 . 6 7  i s  t h e  
%otal 
Chi Square value obtained and 0.10 is the probability of getting as large 
or larger X^ value by chance. 
The small number of offspring available does not permit a reliable 
test. These data suggest linkage in some cases but more data are needed 
before more positive conclusions can be made. 
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PART III. PHYSICAL PROPERTIES OF ALLOTYPES 
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MATERIALS AND METHODS 
Immunoelectrophoresis 
By immunoelectrophoresis a normal serum is fractionated so that the 
component containing the allotypic specificity can be identified. This 
is carried out in two steps. First, the normal serum is electrophoresed 
in a stabilizing medium of one percent agar gel poured on a microscopic 
slide. After separation is completed, the immune serum is tested for 
precipitating antibodies against the components of the normal serum. 
The gel medium was prepared as follows, A buffered solution of 
pH 8.6, containing O.OSM sodium diethylbarbiturate, O.OIM diethyl-
barbituric acid and O.OSM sodium acetate was diluted with three parts of 
distilled water, to which one gram Noble special agar^ and 10 ml of 
merthiolate was added. The mixture was warmed in boiling water until the 
agar dissolved. Glass slides were cleaned in dichromisulfuric acid and 
stored in acetone until used. The slides were placed in slide rack and 
coated with a hot adhesive agar solution containing 0.1 percent agar and 
0.05 percent glycerine to improve adhesive properties. The one percent 
agar preparation was melted in boiling water and the hot medium was spread 
evenly over the slides. After the gel set, the slides were placed in the 
refrigerator for a few hours. 
The slides were taken out of the refrigerator and prepared for a test 
run. First, troughs and wells were punched in the gel layer with a gel 
punch die. Plugs remaining in the wells were removed with a suction 
^Difco Laboratories, Detroit, Michigan. 
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needle. The test samples were placed in the wells. Electrophoresis 
was carried out in accordance with the instructions in the LKB Electro­
phoresis Operating Manual^. After electrophoresis the gel from the trough 
was removed and replaced with immune serum. The slides were incubated in 
a humid chamber for about 20 hours at room temperature and the precipita­
tion lines were recorded. The gel was washed in saline to remove unpre-
2 
cipitated protein and stained with Amido Black . After the rinsing, the 
slides were marked with adhesive labels and stored in microfix frames. 
Serum Fractionation Through Sephadex^ columns 
Gel filtration is a chromatographic technique utilizing the molecular 
sieving properties of porous gel particles. The gel particles consist of 
three dimensional network with pores small enough to prevent large 
molecules entering but large enough to allow the penetration of small 
molecules. On a column of such gel particles, in equilibrium with a 
suitable solvent, large molecules in solution will pass through the 
interstitial spaces, while small molecules will distribute equally among 
the gel granules and pass through the gel column at a slower rate. 
The gel column is prepared as follows. A known weight of the 
Sephadex of the desired particle size is added to a buffer solution and 
allowed to swell. The time required for swelling depends upon the 
particle size. The column is mounted on a stand in a vertical position, 
^Immunoelectrophoresis Operating Manual, LKB-Producter AB, Stockholm, 
Sweden, 
2 
Hartman-Leddon Company, Philadelphia, Pa. 
3 
Pharmacia, Uppsala, Sweden. 
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The gel suspension (about one volume of sediment and one to two volumes 
of supernatant) is then poured into the glass column which has been 
initially filled a quarter to capacity with buffer. After the sediment 
has settled, the top of the column is connected with an eluant reservoir, 
and the column is run overnight to ensure close packing of the gel 
particles. 
After the excess buffer on top of the gel bed is removed by suction, 
the sample is layered carefully on the bed with a pipette. The last 
traces of sample are washed from the top surface by a small amount of 
buffer. More buffer is then added to form a layer of about five cm above 
the bed surface; the column is then connected to eluant reservoir. 
The fractions are collected in the fraction collector and tested, 
first in a cellulose strip electrophoretic apparatus and then by immuno­
diffusion and immunoelectrophoresis to locate the fraction containing 
the allotypic specificity. 
Ultracentrifugation 
The fraction from the Sephadex G200 column which contained the 
allotypic specificity according to the immunodiffusion test, was ultra-
centrifuged to determine the sedimentation coefficient. The larger the 
sedimentation velocity (sedimentation coefficient) the larger the 
molecular weight of the particles. A Model E Spinco analytical ultra-
centrifuge^ equipped with a Schlieren optical system phase plate and 
temperature control was used. For determination of sedimentation 
^Beckman Instrument Inc., Palo Alto, California. 
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coefficients, 12 mm cells were used at 59,780 rpm. An 'AN-D' rotor 
with one cell was used and the centrifugation was carried out at 
approximately 25*C. Photographs were taken at 4 or 8 minute intervals, 
during the formation of peaks. Ultra-centrifuge patterns were measured 
on the photographic plates, using a two-dimensional microcomparator. 
Sedimentation coefficients were corrected to 20°C in water solvent. 
Sephraphore III Cellulose Polyacetate Electrophoresis 
This is a rapid electrophoresis method to separate serum proteins. 
Sephrapore has uniform pore size and distribution and can be stained, 
cleared and prepared for optical evaluation one-half hour after com­
pletion of electrophoresis. 
2 
The procedure outlined in the instruction book was closely followed. 
A small drop of sample is added to the strip with a capillary tube about 
two inches from the cathode. The power supply was turned on and adjusted 
to 190 volts and the electrophoresis run for one hour. The strips were 
stained with Ponceau stain and rinsed in five percent acetic acid for 
five minutes. The patterns of the test sera were then compared with the 
patterns of the normal serum. 
^Gelman Instrument Company, Ann Arbor, Michigan. 
2 Sephraphore III Instructions, Gelman Electrophoresis. 
^Allied Chemical Corp., New York, N.Y. 
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RESULTS 
Immunoelectrophoresis 
By iramunoelectrophoresis the specific globulins of the allo­
typic specificities can be identified. As shown in Figure 5, normal 
serum containing the specific allotypic specificity was placed in the two 
wells and electrophoresed. The trough was then filled with anti-allotype 
sera. The precipitin line formed was compared with one from a reference 
slide. The latter consisted of the electrophoresed anti-allotype sera 
treated with rabbit anti-chicken gamma globulin. The precipitation lines 
of the allotypic sera formed in the same region as the gamma G globulin 
in the reference slide. Figure 6 indicates that the allotypic specifici­
ties are associated with low molecular weight gamma globulin molecules. 
The immunoelectrophoretic technique applied to chicken antigen-
antibody systems created some problems. The salt concentration in the gel 
required by this system was too high for satisfactory electrophoresis: 
the fractions moved erratically and burned the gel. At low salt concentra­
tion the system failed to yield a precipitate. Other variations in the 
method such as soaking the slides in eight percent salt solution or 
placing a filter paper soaked in eight percent salt solution on the slides 
after electrophoresis, to permit the gel to absorb some of the salt, did 
not give satisfactory results. 
In order to study optimum conditions for maximal precipitation of a 
chicken antigen-antibody system in iramunoelectrophoresis, a factorial 
experiment was carried out with four variables. These were pH, salt 
concentration, time required for a run and voltage, each at different 
Figure 5. Immunoelectrophoresis experiment showing the position of the precipitin bands 
formed by electrophoresed A2 and A3 allotypic sera 
The reaction of the anti-allotype sera with rabbit anti-chicken gamma globulin 
is shown for comparison. 

Figure 6, Immunoelectrophoresis experiment showing the position of the 
precipitin bands formed by electrophoresed allotypes A3 to 
A14 
The reaction of the anti-allotype sera with rabbit anti-
chicken gamma globulin is shown for comparison. R1 is 
rabbit anti-Leg GH gamma globulin and R2 is rabbit anti-
BR-S gamma globulin. 
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levels. Five levels of pH (5, 6, 7, 8, and 9), three salt concentrations 
(1%, 2%, and 3%), three voltages (200, 250, and 300) and three levels of 
time per run (1 hr, 1-1/2 hrs, and 2 hrs) were tried initially. However, 
the time per run and voltage level did not materially affect the results 
except that the two hour runs at 300 volts tended to scorch the gels. 
The results for the different levels of pH and NaCl concentration are 
given in Table 9. 
Table 9. Results of iramunoelectrophoresis factorial experiment 
pH 1% 
NaCl concentration 
2% 3% 
5 Fair Fair Poor 
6 Good Good Fair 
7 Fair Fair& Poor 
8 Fair^ Poor Poor 
9 Poor Poor Poor 
^Good precipitation-poor migration. 
bpoor precipitation-good migration. 
The best results were obtained with a pH of six and a salt concentra­
tion of one percent and two percent in the gel. Also the gels performed 
best at 250 volts for one hour. 
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Serum Fractionation 
Sephadex G50 
Normal sera containing specific allotypes were run through Sephadex 
G50 columns. The fractions collected were tested by electrophoresis 
in cellulose acetate which showed that globulins were separated from the 
albumins. By testing the different fractions by immunodiffusion the 
allotypic specificities were located in the globulin fraction of the 
serum, 
Sephadex GlOO 
The globulin fraction from the Sephadex GSO column was fractionated 
in Sephadex GlOO columns. The fractions were first dialysed in polyvinyl 
pyrrolidone^ to concentrate them. The fractions containing the alpha, 
beta and gamma globulins were then identified by electrophoresis. 
Testing the fractions by immunodiffusion demonstrated that the allotypic 
specificities were in the gamma globulin fraction of sera, 
Sephadex G200 and Ultracentrifugation 
The gamma globulin fractions from the Sephadex GlOO run were further 
fractionated in Sephadex G200 to separate the high and low molecular 
weight fractions of gamma globulin. 
Because cellulose strip electrophoresis failed to identify the two 
fractions, all fractions were first concentrated and then tested by 
immunodiffusion and immunoelectrophoresis to identify those containing an 
allotypic specificity. These fractions were run in the analytical 
^Oxford Products, San Mateo, California, 
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ultracentrifuge to estimate their sedimentation coefficient. 
Ultracentrifugation was used only to determine the sedimentation 
coefficient of the factor reacting with the naturally occurring anti-
allotype sera anti-A^ (normal). The fraction from Sephadex G200 contain­
ing this specificity was ultracentrifuged at 59,780 rpm and when the 
peaks started to form, photographs were taken at 8 minute intervals as 
shown in Figure 7, Four peaks are shown in the photographs. The 
measurements were taken in a two-dimensional microcomparator from which 
sedimentation coefficients were calculated. Peak #1, identified as a 
lipoprotein contaminant which passed through the Sephadex G200 column, 
had a sedimentation coefficient of 0.67 x 10"^^. Peak #2 was a low 
molecular weight gamma globulin with a sedimentation coefficient of 
3,48 X 10" . Peaks #3 and #4 were also low molecular weight gamma 
globulins with sedimentation coefficients of 7.85 x 10"^^ and 7.96 x 
10"^^. Since the peak containing the allotypic specificities could not 
be determined, this fraction was again run through a Sephadex G200 
column and smaller fractions were collected and tested for allotypic 
specificity. The fraction showing the reactivity was ultracentrifuged 
again. The photographs from this run are shown in Figure 8. This time 
one peak was obtained. The step wise calculation done to obtain the 
sedimentation coefficient is given below 
Figure 7. Ultracentrifugal analysis of Al, Run 1 
Three main peaks are shown with sedimentation coefficients of 
0.67S, 4S, and 7S. 

Figure 8. Ultracentrifugal analysis of Al, Run 2 
One peak was shown with a sedimentation coefficient of 6.6S. 
68 
69 
Calculation of sedimentation coefficient (S Value) 
Step 1 
Measurement from two-dimensional microcomparator 
Peak #1 line 
11.798 
20.310 
30.503 
42.438 
42.363 
Step 2 
Front reference 
Picture #1 05.000 
Picture #2 11.798 
Picture #3 20.326 
Picture #4 30.070 
Picture #5 28.801 
(% - *1) 
Picture #1 6.798 
Picture #2 8.512 
Picture #3 10.177 
Picture #4 12.368 
Picture #5 13.568 
Step 3 
(% - Ri) / f Cf = 2.186) 
Picture #1 3.1097 
Picture #2 3.894 
Picture #3 4.658 
Picture #4 5.658 
Picture #5 6.204 
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Step 4 
Picture #1 
Picture #2 
Picture #3 
Picture #4 
Picture #5 
Step 5 
Picture #1 
Picture #2 
Picture #3 
Picture #4 
Picture #5 
= rj + (% - Rj) / f) (ri = 5.72) 
6.031 
6.109 
6.186 
6.286 
6.340 
(Log r^) 
0.78039 
0.78597 
0.79141 
0.79837 
0.80209 
Slope = Log (rjj (5) - rjj(l))/Time (seconds) 
= (0.80209 - 0.78039)/1920 
11.30208 X 10-G 
S value = 2.303 (slope)/uj^ 
(2.303) (11.30208) x 10"^ 26.02869 x 10"^ 
39,189,352.82 39,189,352.82 
•S' = 6.64 X  1 0 - 1 3  
The factor reacting with the naturally occurring anti-allotype sera 
has a sedimentation coefficient of 6.6S. The S values for the remaining 
allotypic specificities remain to be calculated. 
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DISCUSSION 
Identification 
The significance of an allotypic specificity in terms of the number 
and variety of antigenic structures associated with a protein molecule has 
not yet been defined. The reaction of an antiserum with one species of 
protein molecules to form a single precipitin line in agar gel may not 
necessarily mean that the antibodies have specificities toward a single 
determinant group, Oudin (1961) suggested that one allotypic specificity 
may involve more than one kind of determinant group. If this is true, 
differences between antisera prepared to the same allotypic specificity 
in different chickens may not be constant. 
The use of immune agglutinates as antigens to produce the anti-
allotype sera does not guarantee production of antisera with one allotypic 
specificity. Even though washed immune agglutinates might contain pro­
teins other than gamma globulins, we were successful in obtaining 
antisera limited in. activity to one allotypic specificity. Perhaps the 
quantity of these "contaminating proteins" was not sufficient to induce 
isoantibody formation, or perhaps the recipients fortuitously had the same 
allotypic specificities as the donor with respect to these proteins. In 
order to be certain of producing single allotypic specificities, 
relatively pure gamma gobulin would be required as antigen and tests would 
be restricted only to donor-recipient pairs having a difference of a single 
allotypic specificity. Obviously, this requirement cannot be fulfilled 
until all the allotypic specificities are identified. 
Even when using a antiserum containing antibodies to only one 
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allotypic specificity, we cannot be certain that all reactions with the 
normal serum show the presence of that allotypic specificity. The 
antisera might cross react with similar antigenic determinants or there 
could be false positives due to nonspecific reactions. However most of 
the nonspecific reactions and the cross reactions can be detected by the 
criteria of correspondence of the precipitin band of the test sera with 
that formed by a known reference serum. 
The recipient chickens showed considerable variation in response to 
immunization. Not all donor-recipient combinations involving different 
allotypes resulted in demonstrable precipitating antibodies. Even in 
combinations where precipitating antibodies were obtained, not all 
recipient chickens of the same strain produced demonstrable amounts of 
antibody. Individual chickens of the same strain immunized in the same 
manner developed precipitating antibodies of different specificities. 
Donor-recipient combinations involving the same known allotypes did not 
produce precipitating antibodies. These results suggest that even though 
antigenic differences exist in the gamma globulin of chickens in these 
combinations, they do not consistently lead to antibody production by the 
methods used. It is conceivable also that lack of antibody production in 
some instances is a result of multiple immunizations involving quantities 
of antigens which may lead to tolerance. In some chickens more than one 
precipitin band was observed. On the average we found isoantibodies to 
allotypes in about four weeks following the first injection of the chickens 
with the immunizing material. 
The concentration of sodium chloride in the gel medium evidently plays 
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a major role in detecting chicken antigen-antibody systems. The maximal 
precipitation was obtained with gels having a concentration of about eight 
percent NaCl. Lower concentration gave incomplete precipitation; higher 
concentrations (about 12%) gave non-specific reactions. During the 
staining procedure washing the gels in eight percent saline was necessary; 
otherwise the precipitated protein tended to be washed away. On the other 
hand, the anti-allotype Aj (normal) generally produced a strong precipitin 
line with either one percent or eight percent salt concentration. 
The precipitation of the antigen and antibody was also dependent 
upon the titer of the anti-allotype sera being used. Highly concentrated 
precipitins tended to produce strong but diffused lines. The lines were 
formed closer to the antigen well or to the antibody well depending upon 
which one was in higher concentration. Precipitation lines produced by 
higher titered antisera generally were visible prior to staining, while 
those produced by the lower titered antisera were usually not visible 
until the slides were stained. 
It is interesting to speculate why there are allotypic differences 
within the same species. It is conceivable that contemporary allotypic 
forms of gamma 6 globulin have developed in evolution because of the selec­
tive advantages they confer via the production of antibodies with pro­
tective value, e.g., against certain infectious diseases. Whether or not 
white blood cell antigens are involved depends upon the cellular origin of 
plasma proteins. Although leukocyte antigens have been of interest for 
years, only recently have experiments been undertaken to investigate the 
nature of such antigens and their relationship to serum proteins. 
The number of allotypic specificities identified in chickens has 
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surpassed that identified in rabbits or mice in which most allotypic 
studies have been done. Ten specificities have been reported in rabbits 
and five in mice. Chickens have been domesticated for many thousands of 
years. They have probably been subjected to much more selective breeding 
than the rabbits or mice. In all likelihood the numerous breeds and 
varieties of domestic fowl should vary considerably in their serum 
proteins. Therefore, employing a broad sample of the available breeds 
and inbred lines for immunizations should lead to the identification of 
many more allotypic specificities. 
Genetic Analysis 
The ability to establish whether a factor is genetically determined 
often depends not only on the size of the population studied but also on 
the amount of control the experimenter has over the population. Small 
populations can easily become dominated by a few good matings. The 
experimenter may be interested in studying one particular character, so 
that most of the matings are for this one trait, and perhaps through random 
drift other characters are unconsciously selected against. The frequency 
of a genetically determined trait in a population (not directly selected 
for) can therefore become so low that a particular type of mating may be 
completely missing simply because of random drift. In a population the 
size of ours, in which a number of different genetic and immunologic 
studies are being carried out, the inheritance of newly recognized traits 
can be readily tested. 
So far, the tests performed on allotype have not revealed any 
genetic information. The generation of a cross between a reactor and 
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a non-reactor produced no reactors, indicating possible genestic control 
by a recessive gene. Results from an F2 generation should help to 
substantiate this hypothesis. 
If this factor is not genetically determined, alternative explana­
tions for its occurrence without artificial stimulation are possible. 
Thus, it could be a case of autoimmunization. If so, the problem would 
then be to determine the cause of the autoimmunization. Since this factor 
so far has been detected only in females after maturity, autoimmunization 
would probably take place during some phase of egg formation. The 
stimulation could occur either during the formation of the shell or when 
the follicular hormones are being secreted. 
The genotypes of the parents in the genetic tests were deduced by 
examining the reactions in the offspring. The probability of misclassi-
fying a male parent would be small, since most of the males produced a 
large number of offspring to examine. This probability would be higher 
in the females since they produce fewer offspring, but the only relevent 
mating type is Aa x Aa. In testing allotype Ay, both the male and the 
female parents produced a small number of offspring and some of them were 
probably misclassified AA and discarded while they were actually Aa. This 
could explain why the ratio was closer to 3:2 than to the expected 3:1. 
Our present data indicate five independent loci controlling the 
allotypic specificities. This compares with two allotypic loci so far 
reported in rabbits and one locus in mice. No multiple allelic systems 
have yet been detected in the chickens. When different exotic breeds are 
utilized for identification of new specificities we should be able to 
detect multiple allelic specificities if they exist. So far only leghorn 
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inbreds have been used as recipients in most cases in this study. 
Characterization 
The technique of immunoelectrophoresis has been exploited only on a 
limited scale in the study of chicken antibodies. Existing technique, 
adequate for the study of precipitating antibody produced in mamalian 
species, are not wholly satisfactory for the study of chicken precipitat­
ing antibodies because of the higher NaCl requirement for optimum 
conditions. 
Several modifications have been tried to get the chicken precipitat­
ing antibody to perform satisfactorily in immunoelectrophoresis. Using 
a two-step method of immunoelectrophoresis, Wiener et (1964) 
reported that eight percent and 13 percent NaCl gave more complete 
precipitation than lower levels and that this was more apparent in some 
antigen-antibody systems than others. The placing of the agar strip in 
buffered salt solutions of different concentrations lost considerable 
protein from the gel in some of our preliminary tests. This was 
especially true when the reagents were not in high concentrations. The 
use of filter paper saturated with eight and twelve percent NaCl to raise 
the salt concentration of the medium as suggested by Tempelis and Lofy 
(1965) did not give satisfactory results in our preliminary tests. 
Considerable protein was also lost in this method. 
The factorial experiment performed with immunoelectrophoresis revealed 
that the chicken precipitating antibody gave better results at pH 6 than 
pH 8, This finding is of some importance. Between one and two percent 
NaCl was added to the gel. Our results show that the higher salt con-
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concentration are required for the complete precipitation of the antigen 
and antibody, while the lowered pH enhances the migration of the fractions 
in the high salt gel. 
There is at least one possible explanation for the apparent require­
ment of a high salt concentration to precipitate chicken antibody. The 
sedimentation coefficient of 7S gamma globulin increases in the high salt 
solution contrary to what is anticipated based upon the increase in 
viscosity of the medium. Thus it is conceivable that if the 7S globulin 
aggregates in the high salt environment and if the monomeric species is 
univalent, a lattice with the antigen would be formed. Thus, greater 
precipitation occurs in high salt than in low salt. 
The chicken antisera exhibits one other unique character. The titer 
of chicken sera increases upon storage which is not true of most other 
sera. Probably some of the aggregations of molecules break up during the 
freezing and thawing thereby exposing more reactive sites. 
The differences in configuration of allotypic specificities has not 
been clarified yet. The different allotypic specificities probably depend 
on differences in amino acid sequences as have been shown for the allo­
typic specificities of light chains in the rabbit. However until this 
is demonstrated, the possibility that genes could control the allotypic 
specificities on these proteins by means other than amino acid sequence, 
e.g., by carbohydrate or other prosthetic groups must be considered. 
The estimate for the sedimentation coefficient for the precipitating 
factor ki was approximately 7S. This is in confirmation with allotypes 
in other species. Usually a 7S molecule can be fragmented by papain 
or mercaptoethanol to give two fragments of around 4S. Much investigation 
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is required to completely clarify this naturally occurring anti-allotype 
sera and the factor which reacts with it. 
Uses 
The identification of allotypic specificities and the genetic 
information obtained broadens the field of poultry immunogenetics. The 
allotypic antigens are in the gamma globulin fraction of serum in which 
most antibodies are found. These gamma globulin antigens can be at the 
same time antibodies to hetero-antigens, i.e., to bacteria, animal and 
plant cells, etc. This phenomenon is not only of interest to the 
serologist and immunochemist but may also be of use to the geneticist in 
providing a unique set of hereditary markers. An important advantage is 
that not only the ant is era but the antigen sera as well can be stored 
for many years. In contrast, only the antisera can be stored for any 
length of time for erythrocyte blood group systems. Chickens join 
rabbits and mice as the three main species where allotypic information 
is available. This makes the chicken an increasingly important laboratory 
animal for immunologic research. 
Allotypes have already been found to be a reliable tool in related 
areas of investigation. The usefulness of allotypic specificities as 
gene markers for the study of protein structure and as cell markers for 
cell transfer studies has already been demonstrated (Dray e^ a^., 1963; 
Harris et ^., 1963). At present we are using the allotypes as markers 
to study protein polymorphisms in chickens selected for metric traits. 
Much work needs to be done with regard to the allotypes in 
chickens. More breeds and strains of chickens should be utilized, so 
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that additional allotypic specificities may be identified, some of which 
may prove to be multiple allelic systems. We have acquired fifteen new 
breeds of chickens for this purpose. Specific matings will be made to 
study the genetic mechanism of all the allotypes. Linkage tests should 
also be made between the allotypic loci and other markers including 
blood group loci. Allotypes should be surveyed in different populations 
of chickens to test possible correlation with some quantitative traits. 
The allotypes should be characterized for their physical and chemical 
properties. 
The future possibilities for the application of allotypes are 
virtually unlimited. With information obtained from the study of allo-
typy, new approaches are available for genetic studies in tissue trans­
plantation, antibody formation, maternal-fetal interaction and protein 
structure. Determinants on the antibody molecule might serve as markers 
in developing strains of chickens resistant to various disease factors. 
Anti-allotype sera could replace rabbit anti-chicken sera in fluorescent 
antibody techniques in order to eliminate non-specific reactions. 
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SUMMARY 
In this study gamma globulin allotypes in the chicken were investi­
gated. Allotypes are antigenic determinants located on the gamma 
globulin molecules of serum. 
The allotypic specificities were detected by isoimmunization. Donor 
and recipient birds from different inbred strains and breeds were 
selected. The donor birds were first injected with attenuated Brucella 
abortus. The antisera against Brucella abortus were conjugated with the 
bacterium and combined with Freund's adjuvant. This complex was injected 
subcutaneously into five sites on the recipient birds at bi-monthly 
intervals. 
Two weeks after the initial injections and at subsequent two-week 
periods, samples of serum were obtained from the recipients and evaluated 
for antibody production. Ouchterlony's double diffusion test in agar was 
the method used to test for precipitation lines. The donor serum was 
placed in the center well and the recipient sera in the surrounding wells. 
Birds which reacted were used as a continuing source for antiserum 
(obtained by clotting blood withdrawn by cardiac puncture). 
To date, sixteen allotypic specificities have been identified and 
designated Aj through A^^. Five anti-allotype sera were produced against 
Leg GH inbred strain, three against Leg 9, two each against Leg S and 
HB-X and one each against BR-S, HyL 45 and HyL 7. Aj was identified by a 
naturally occurring anti-allotype sera detected in the Fayoumi line. 
The genetic mechanism controlling five of these allotypes (A2, A3, 
A4, A5 and Ay) has been determined. They are controlled by five 
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independent loci. In each case the allotypic factor was dominant to the 
absence of the factor. Linkage tests between the allotypes were negative 
and the allotypes were not associated with sex. 
By testing in Immunoelectrophoresis the allotypic factors proved 
to be part of the gamma G globulin fraction of serum. This was also 
verified by fractionating the sera in Sephadex columns and checking for 
activity. The allotypic factor A^, isolated by fractionation in 
Sephadex G200 and run in a analytical ultracentrifuge, was found to have 
a sedimentation coefficient of approximately 7S, 
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